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— (54)TStt3: METHOD AND DEVICE FOR SAMPLING AND ANALYZING INTERSTITIAL FLUID AND WHOLE BLOOD 
SAMPLES 


(ST) AlteSroefc Ttemventjondisdc^ 

ing the ssrnpKsig and analyzing of sob-osmd fiucd samples, intemflial fluid or whole blood, 
in a device suitable far hospital badside ord boms use. The device includes a dermal layer pen- 
etration probe (12) in fluid cmmnumcation with an analysis chamber (20). It is applicable to any 
anaJyte that exists in a usefully representative coccentrdion in the fimd, end is espsckiUy anted to 
the inooitDntt£ of glucose* 
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METHOD MID DEVICE FOR SAMPLING AID AlALYZOIfi 
nTERSTTTlAL FLUID AND WHOLE BLOOD SAMPLES 
FbM of the kffentkw 

The present invention relates to 8 method and daviu for cuudauiuy the samping and dualizing of ntenutial 
5 fluid or whole blood samples which is sntahle for hospftd bedside and Iwne use. 

Pacta aund of tfaa hwfllton 
The management of many medical conditions requires die measurement and monitoring of a variety of 
anafytBS in bodOy fknd. Historically, the measurenmt of anafytes in Mood has required ai invasive te c hnique, sast as 
a venipuncture or finger puncture, to obtain blosd for samping purposes. An example of an anaiyte which is routinely 
10 tested by obtaining a blood sample through an invasive techoque is glucose. In order to control tteir condftion, 
(tabetics oust monitor ther glucose levels on a reguto basis, Invasive techniq u es used to obtan a Mood sample far 
analysts have the disadvantage of bong pfrildl which can reduce patient compliance in regular twflitfrtftg. Reported 
totting, Bj)., in a fingertfr can resdt in scar Ossob bukhip which makes obtaining a sample in that region more 
difficult Moreover, iuvutve sampling praoeifans pose a risk of inf tdioA or disease transmissxm. 
15 An afteroathre is to ssmpla kitorstitial fluid rather than whoia blood, Interstitial fhsd is the fluid that fffis the 

space between the connective tissue and eels of the dermal layer of the skki An application where interstitial fluid 
has been shown to be an appropriate camping substitute*for plasma or whole blood is in the modsuenmt of ghvose 
concentration (J. Ufa. Cin Med. 1897, 130, 43641L 

In the patents US 5,8791357, US 5,879,310. US 5.82O570 and US 5,582,184 are tfsdosed methods if 
20 sampfing using a fine needle in conjunction with a device to font tha penetration depth to cbtam small volumes of 
interstitial fkid for the purpose of glucose monitoring. However, there is mi method dsdosed for analyzing the drawn 
sample that is suitable for home use or hospital bsdskte use. 

Summary of the Invention 

It is desirable to be able to measure the concentration of anafytes in humans or other ammab without having 
25 to draw a blood sample by conventional methods, tt is further desirable tobetftetodosowithan inexpensive 
disposaUe device tfot ts stifitB enou^i for bom or tnsptal beibHle usa 

The invention provides a softabte alternative to conventional semp&ng devices and methods that is less 
invasive than traditional whole bind nmpfing technique and that requres a cawkteiably smaler sampte volume than 
is required in the cenveotional venipuncture or finger puncture sampfag methods. Because of the srnaler sample 
30 volume required, a smalt vrauraiU necessary to attain the san^ In the convanfoal finger stick r^^ 

blood is formed on the tip of a finger, than the sensir sample entrance is wetted with the drop. Because the sample 
comes into contact with the skin surface, contamination if the sample by material on the skm surface is possible. The 
devices and methods dsdosed herein do not reqdre forming a blood drop on the surface of the skm, and thereto 
have less risk of ample contamination. 
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fej eo sssdnnlbTisnt of to grosnt infection, a thiol S3n^ing dsvin is fzroviiSsil tslncb btshutes a be^y v tbe 
body fflcfcSng a <&™i byer ptstration proto teraqj s pmatmting Bid and 8 comrasncotn^ oni and ea ardyas 
chsaitbar Soring o prouM aid (fistri and, the analysis etafor tewing a velum rc3ts?ea to pststration profca is in 
fWd coromsdcotion tsdth ths analysis etato aid tot fbtd £31 flow from to pacssmtcsa poke tBOTd As 
5 ondyas ctata. Tto analysis e&oto can tosat least esm fUb raall which caa to eos^rsssed to redoes the 
tTDbnna of ths aialysis ctemfesr. Th8jEns&8tnmprotecancngBd& 

or a soEd protntsoni and can to constrceted of a material su& as eaton fBier, boraa ffcr, ffestic flsstal gtess, 
eeraraic, a cprqtassts material onKtaes tteaof , and cendjjnatnms toreof . The patatrstion proto ra kchrie two 
^tests of BBteiJ oi sriBtcntial r^stmtnia teno a promeom on esrii shcst aterein to stoats are spc^ ^rt 
tO sffih tot ftjutf can to dratnra tote^ to Greets by eapiQsTV acta. Tha A stats of rratarol cm extsid into the 
ds^iesoasto fejraopo<haisto. TtefES&strotiQQpntocsntopsatiQn&jtt^^ 
to^cG^ end tte fsssss on bo oonf^isnQl to sdESt3st^tl7 tenths steps of s s^sct^ iSbibsS s^fcco. 

In o furtte? onbodimsiL the deuces eta totter trtcfinlB a pye-cStdii3j£r tearing o uolota a&l a first and sscsnd 
estfl, atoran the pis-cten&g fe tstgjps^ fcsft^i tte pfuiiftilwn prcto and the ansfoas ctecW arch tot to first 
11 eri of ths prectate is accent to eGOTgrcsating cad of ths paotrsttOQ pndia and to &s(ntd esd ©f tfes p?&* 
derate fe secern tepjesM^0ftoEM57®dOTta. Ttatn&noof topJwtentaeEatofp&itcrtSEJira' 

i cpfto to treta) of the eisfyas doto. Tte pwtater -ran tan© at- test essftgzabts tgaD tte3 &n 

cojibsse3 to fls&eo to vsbaits of to pj&dBnte. Tfca p&c^te ccn ctso to^inJa a rate at to first qhI 
es^Sda of az!ist^iskt9v sesS&9 tft3 pr@^@mSn^ freni tits panstrstcnii pTote. 

20 to snotter en&oitait, to 6emB farto tehtfss a cempjra&Is Wd© in CEnnnaraetica nztb to 
sslysis ctato, tho eorajnessto bladder tdng espbb of agjJyii^j a pasture tu a nsptrcs pres^rs to to aiEty^ 
ctenata. 

h yot OTStter sxta&nsit, to pso^fffiHter sri ths analysis fitembs" cm to cs^hHs of asarting differ 
cesnfeiv fereas. Tto capfflEiy f orco CEBrtsd by to csfyas eten^fir can to greater toa to eajriBary force esst^ by 

21 ths pre-darfe. Tin dtffaraitial es$3arv fares ©n to tisiM, at tat cn jHrt, froi a SffawEB bBtwsan to pro- 
ctemto fea^Jit aod to aEfyssa dtasto' haighL tn tMs @Gbo&Effim to intarior ssfffses of to pre-etentfj© cm 
fe^da at l©st first ©ri secrori prwfenta cmfls ^csi a^rt at a first distaiae to dsfina q pj^ctembsr hdght ami 
to nt&isr sorfass of tte onatysis ctefito eta osfsds at tet first std a^nd o^ysfe dollar cfdfe spaced a?art 

a sqpsnA tfettefrag tfaffmfl an snrfysfa ehrmte traghl, t^too to hsnht sf the gaatos chatrto P legs ton to 
3B bagfrtof toprwfcaafer. 

In yst another farther cnttetaat at bast giq of to ^mSiffls can instate a siSstanca ©psbte of 
othaitcing or (imnishmg to capS&y forco sost^ by to cta&tor. Tha sife tec a can me&aSa, for exan^jls, a 
ptymar.ara^spt^, ants^afinciisnQtnH ^tt^ss ub st arr ees 
tnchnlspoSyatficylsne glyed, poSyviny^pymfidesia, a scrtectant a bydrcpbSc Mfltit eopJysrcr, arcd pdyvoiyteGStats. 
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In a further OTbodrant to eevice firth* includes a retasabte actuator capable of supprying a force 
suffkiemtocaujettopeniitrato Ttottmnw\B*B«ito*i«v4*tk 

tn a further embodiment, the analysis dorter car indude an electrochemical cei rnetodnj a wartmrj 
atectro*andaowttrfref^ 
eomrruricates a Tortaoa or a cunart. 
tnyetanotfwertAodirri^ 

inatyte in a fkid sampte is provided mtabi the steps of prowkSog a fluid sarnpfcng device as descried above; 
pamatino a dermal layer w* the pmrtraliwpnte substantia 
a lowir,ttasamrJetofc*f^ 

ia^rfttoaoa^v^tteanaiysa v»m^mi«^htvm^n<unmikMmi^ 
blooi Aquatatrrecfojarrtitatror^ 
step. Thacfcuacierisfcirftnesa^ 

«fat*ani*^ewa*w ™* 
anaryte can include, for example, an ion such as potasskm an ekment, a siijar, an itfcoW soch as etha«4 a 

tanrimarjrotmaaeiniTOB CMai 
arid linteta are exsn^itesol substances tt« ante 
InafurttererntxxDmerrltrB 

e*, capillary force er a pressure drffererrM Where the analysis chamber l« a fujiftle wal, tl« wai can he 
20 nxrpessed to rata the votome of the analysis darter prior to penetratina the dermal than the conpressar. 
released to form a partial vatuin in tha analysis chanter. When (he ftp* samp&rfl fence further indaies a 

coniiressiterjla^ 

ttaecni^n cant* released toi™ 

BtaDflsoiritnwrif treDrawircs 

25 nt1$hmatf*wevi|mttBScale)rfDr» 

tj« penetrate |)^pri^ 

HS.2shov»acrosssectkn InottoscaWBtastrBraieA-A'if RB.1. 

HS. 3 shm > viw toot to it*) ef ow 

ttepewniatiooD»lHfcpr^^ 
31 n6.4stow»Btr4>™{wttoseatt^ 

of the panatration probe, pre^charnber, aod analysts chauutr. 

Rt 5 shows a cros section (noltDscab4alongtlBineB*of HE. 4. 

FIK. 6a and & (not to scbIb) depiet an errtalirneit of the inwntiin wierein the eto b loaded in a 
rataasabte actuator to faciMe peratrato rf a tonral by* by the penetration prrim. fig. fc depicts trie device 
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= (54)TO2: D/2ETKOD AND DEVICE FOR SAMFUNG AND ANALYZING INTERSTITIAL FLUID AND WKGLE BLOOD 
SAMPLES 


(§7) Afesteocfc The invention disclosed id mis apptscetion is a m^hod and dados (10) for combatt- 
ing tire sampling and analyzing of gob-dennd fiufd samples, eig., interstitial fluid or whole blood, 
in a device smtable for hospital bedside cud borne use. Tfcs device icclu&s a dermal layer pen- 
etration probe (12) in fluid communication vritb an analysis chamber (20). lit is applicable to any 
analyte mat exists in a usefully representative concentration in the fluid, end is especially anted to 
tks momtonng of glucose. 
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METHOD AMD DEVICE FOR SAMPLING AMD AIAIVZBTC 
nTBtSTTTUl FUND AKD WHOLE BIOOD SAUPIES 
Mi) if ths tntentiw 
Tte peart wanton relates to a met^ 
fluid or whole Wood samples which Is nilaUefwhQj|italbedafc and home o«. 

BarfapmH «< tta Inwntian 
The management of many medical conditions require! the measurement and monitoring of a variety of 
analytesiibniffly fluid. rfistrjricaBy.therneasure^ 

atenheaietunioffinp^iiBne^ Anerarapleof ananalytewlrtisioutineh; 

tested by olrtanng a bioed sample through sn invasive technqae is glucose. In onto to control their conition. 
Olabirrja must mcritm then ln^ teefiaijuw used to obtain a bbsd ample ftf 

arelysijrwthBdisadvaritanBofbe^ ******** 
testing, e*. on a firmer*, can result in tear tissue bukkp wricb mates obtaining a sample io that rerjioo more 
difficult lloreow.roasivesinip^ precede 

Anerterratneistsstn^imeritrt^ intantitiiJ is the fMl thai fib the 

space between tjieconnactnetissa Anarjpfeationwnere interstice 

has been shown to be an appropnatooniifng substitute-for plasiia w whole blood is in the measurement of ghnse 
concartration (J-Lafa.Cin.hUd. 1897, 131, 43841). 

In the patents US 5,8791367, US 5,879,310, US 5.8201570 and US 5432,184 are disclosed methods if 
senrafog using a fine oeedle n conjunction with a dew* to fait the penetration depth to obtain smell wkmes of 
ntenthial fluid tor tiie purpose of cjaxose rinnitcaino. Kcwew.tfeei is r» method 4sd^ 
sarnfln tlet b surtatle for tiro 

SuniiOTof ttielnrentiro 
It b dasiiaide to te atdi to nsasvre te 
to draw a blood sample by eormrrtionzl methods. It is further desirable tobeabtetodosowithan irexjHiswe 

dispel devira that is sirs* ene^ 

The reention provides a salable albxiaove to camentienel sampling dmices and methods that is less 
■nvesrfBtraitradr^ thatree^aGfjriiiAaab* 
is required in the cawenranal venipurcture or finger purctnre sampfag methods. Because of the sraafer sampb 
wlurnerao^ a smalls wmrt^ h the corral tirijersti* 

la^isferaiedoitfierjpof arTngar.thento Because* sample 

eoiw into eootact with ttasto ^ 
devices and methods (fisdosed herein do not require forming a blood drop o« the surfice of the skin, and thertfore 

have less risk of sample contamination. 
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la o&s ©Efcnfcrcait of to pnssss oraaotoi a fhnl soiling device is povtfad ttfricb irafades a tudy, to 
body ifistu&ig a dsiDES tayer patatration poba hEOTtg s psratreting erd and a ctrorocncotnig ord, aid ca ajrfyas 
dssnSiBT fauoig o promrEl arri disteJ ezd, to esaJ^is gtoto tecang a veta^ cftsraa to psnfitratei pcfca b in 
Ml esnsmtntnui rath the asstysb derate tot flad essi ftocr from to petratioo piSs toward «£ib 
5 andyss ctendrsr. Tto ©slysis tfote can Itoa at least (Da ftsscbb cssQ tsStidi caa to eefflspraged to reduca to 
ftrtota of to analysis cSffliztor. Tits pn gtr a t ion prote cen oiE^uda, for osantjrta, a 02^2, a teae^, a tabs, a tfoid, 
or a safid protrastsn aid csn b constructs) of a tmt&ts! such as carton fiber, boroa ffosr, ffestic rental glass, 
G&a&Dc; a CEnposstia tutorial tscBfan& teeof, aid cendtetioas toreof . Ttta pstatrstioa profea eta McSa two 
ghats of PBtefei in aflstattial rctjyslral um toing a protR^on en esch sbsat. ohgein to shats are spcej apart 

10 aidi tot Egu^ ean ba dra™ bto&n to tosts by eapiBEyy acta. Ths two stats of nstsrisl ceji extsd into the 
detrcce so as to ton q pTO-chasto. Tfes g^stratcoa grda eon ba positiGn£i csfthin a rEKB8 in to prosing) srd of to 
dw&sa. End tire remgcgn to waficifld to gyfratflntMy tahha shapa of a s&ct^ tee! sarfeca. 

taiQfurth&efflbodanEzit, tha davcte cesi ftt7filt^ btcfaols a pt&ch£ndi@' hsvhts q uoboiQ essl a fast and sscend 
^ptergtotoFfretegftgiSBfi^^ 

1§ ad of to pjo-dtsnte is adjacent tho easmoicssts^ Ed of to fjaotrstiQn pnto and to sssnd ©d of to pjo* 
cfessteisEdjBB^tapraiM^ Ttaudsiraof top?e«Mi&e&ateps3ttfto&er 

• — \ ap# ta to trataa of tbe oratyas efoite. Tte pwteto can hm at tat cnateKa qafl en to 
eoa^7Bss£3 to rs&ea to vofenrca of to fD&dBstfiH. Tfea pred@&d&' cssi dso insSids a rate at to first ad 
es^sbte of ssfietattfefly sedisg to pj&ctenfar from to parottattarjisofea. 

20 la gaoter ea£m&2nt to dedce furte Estate a cospess&le tt^o in cerasrastica cstb to 

s@Sysis ctento, tte eo rapxe s ab b tdsddsr Itang estpUa of ap!^ a pasftwa or a n^atius pros&ra to to srolyas 
cteisbar. 

In yat ssto extofcnsjt to pro^icsto @d to ena!yss donte can fca cs^a of esartoQ Sff^nt 
cqfl^yfere^. Tteea^nyforcaGsiartsdbytoess^dtSR^ 
2§ to (D&ctante. Tta diffeertBi csj&rv f area ran fes (tesi at tot in fart tai a rfiffame faction tha pro- 
etente has$tt aod to o^yas chasto teighL h tMs @i^oS^ni to intsrisr airfacs of to pjfrctento esn 
terete at l^st first sid sotjh! pe<fento ndb ^cal aprt at a fot distsitsd to 6sfo o fso-cten^ hdght and 
to interigf aufeoa of tte EiBlysis ctento csa t^^a at bast first ssd o^yas d&nfier deSs s^ced sfsrt 
a sesnd (fetaitce to defma an andyse ohoto ki^it wtoo to heght ef tha enalysQ ctonta is less ton to 
§0 bQbtof top&eteator. 

In yst ansth& fortte ankfeaat at tot ene of to cteb&s can in&tie a stSstaitca opaUa of 
shaming or (Ennnistimg to rajfkry force enstsd by to dsnto. Tha substance can msMx for ewrgte, a 
ptpar, are^ap^^amssh, Qfflrr^ Ma^asutetanses 
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In a further eitodmnt the device farther includes a referable actuator capable of supplying a force 
arificiem to cause the penetratira The actuator can l» external to or integral*^ 

the body, rat upon releua pnq»b ths txnty towant the dennal byer. 

(n a further embodiment, the analysis chamber can include an ebctrocterical cefl indodlq a working 
5 tetrode and a counter/reference electrode and an interface for comm u n i c atio n with a meter, wherein the 'rtarface 
communicates i voltage or a cunert. 

ta yet another emhodinartrf the present inwn^ 
analyte in a fluid sample is provided Mating the step of provkfag a fluid sampfing device as described abtv* 
penetrating a dermal layer with the penetration probe; substantial 
10 alowin the sample to ffaw from the penetration probe toward the aralystt^ 

absence of the anrfytewithin the analysis chamber. The sample can include, for eiampfeinterstitaftjid ad whole 
Uood. AquatativewipmtitativefliBasw^^ 

step. The characteristic of the sample can include, for example, a reaction profoct of the analyte, such as a color 
nicator, an electric current, an electric potential an acid, a base, a reduced species, a precipitate, and a gai The 

IS analyte can include, for example, an ion such a potassum an efcment, a sugar, an alcohol such as ethanol a 
honnone,aproteiaanen2ynB,acofactor,a Cholesterol 
and lactate arc exanytes of substances that^ - > 

In a further embodiment, the flow of sampfe towarf tta analysis daita 
capfllary force or a pressure deferential When the analysis chamber has a flexile wet, the wal can be 

20 confessed to reduce the volume of the analysis chamber prior to penetrating the dermal, then the compression 
rdeasad to form a partial vacuum in the analysis chamber. Where tbeftal sampfing device further nfades a 
conirasstiie bladder, the bladder can be compressed to reduce its volume, then ate penetration of the dermal layer 
the conv^Bn can be released to farm ^ 

Brief Daserintionrf the Praam 
25 R&1 shorn a top view (rot to scale) of m 

tha penetration probe; prfrdwnber, and Analysis chanta. 

m. 2 shows a cross section (not to scale) along the Ene A-A' of R6. 1. 
RB. 3 show 8 top view (not to seated 
the penetration probe, pre^Aantar, art 
31 Rt 4 shows a top view {not to scale) of one entad^ anarrangamert 

of the penetration probe, pre^^ 

R(L 5 shows a cross section (not to scale) along the ineB-B* of FHL4. 

RK. 6a and 6b (not to scah) depict an embodiment of the invention wherein the device is haded in a 
rateable actuator to fadtate penetration of a dermal layer by the penetration probe. fig. 6a depicts the device 
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tosdsd m tha actuator, ctaain dho octuBtor is in tte ccekd poatim reedy to to trtgased. Rg. ©)de^ds the dmroe 
cad actsator after tri^sring. 

Osteite) Oescri atian of tha Preferred ^dkrems 

S Tte fritannj description end anani^te fltestrsto bbtcoib (sritedonoits of tte present indention cn isdssL 
These of sM3 in tha art tafifl recognize that there are raflnsiais vsrations and modifications of this imrsition that are 
wsmpassBi by its scop. Accordingly, tte description of a postered embodiment stash) not be deantsl to fast tte 
saopa of tte present intuition tSathods end devises far optimizing sampling of fluid samphs are discussal further in 
csp&sfiig UJ. patent appfi&tbo &> f , fly on even data herewith, ottitted METHOD OF 

10 PREVENTS SHORT SAMFU6B OF A CAPILLARY OR WOTG F01 OEWICE," which is incorporate herein by 
reference in its entirety. 

Tte ii iua nton disclosed in this amotion is a rrathed and davica for condoning tte sampling end analyzing of 
a fluid ^mpte from suthdermd tissue in a device suitable fcr hospital bedside end home use. The fluid sampis can 
comprise but is not foisted to, istsrstiitisl fluid & rateile fatal aniples obtained from an antmaL Any flue! senate 
IS ebtsM ten s^MtomsJ tissje of a plot or an erortd ran sanqrtsd aid andyzel, ths tha invention has brotd 
c^CEtssn in tte folds ef hunaa rcsScfea, vetarinny matea, acd hcrticolturd sasace. Tin toice ori stetted are 
q^eddB to cny aisSyta that easts in a usefcDy r^JBsanistrofceofiBEtfrsi^ ia tto fbtid ssnple. Fer clarity, the • 
pseit dpgrig a re csS Ssstss tha c^5catEan to g&ca& snsnitcring. Koissoff, K s to be understood ttat tha 
ousatioa is C3t footed to tte rcomtoring of gSufiosa sitd ttet other eefyto, as discussed belotai, can ate) be 

SO IRSSSBIEd. 

Tta matted utifeBS an mtsgratd sara^ ami ainlysng device 10 fccorpaistijty a psietration prebs 12 
eapbte of paratratmg a patient's domd layers to entrant m intestitk! fted or cutela tM sample, and a meted fer 
treasf erring the sarnie from the psietratisn prohe 12 to tte analysis chamber 20. In one einbodimant, tte device 12 
eaa te q one-shot rfjqmgeWe dsdee rahish ten te insets! brto a mete titosh comnamicates with the endysis 
2S dioft&SOtop^onsttomfys&tf tto^ store tha resadt 

to tte o^w 10 f a psnstrstcaa preSm 12 for pens^^ 
fluid or nteb Bond ample b in tegrated cnth an analysis ctante 20. A prep&ty of sonpOng intaJtital fluid is that 
it can tats fresa secsel to tes of stands to coBest aiffiosit %bk$2 to sndyza. This is often not desirable fcr an 
arslyas ctember 28 ntoen tfea endyte undenjeas a reecto os part of the enaJysis process, as it can be diffifiilt to 
38 cbtrin si acaffste start tnca for tte test as as addera an era reacting rezgeit Sstributmn in tha sample, ha 
sseainJ aspect of tte cunoit oivsiBitni o matted is disposed for coOectino tte sample in a pe-etamter 14 and, tshen 
fuH transferring tte ssnptenpikBy te en analysis chmto 29. 

to this discSosurBr unless e diff sent rceening is clear from tte contest of its usage, "praxanaT refers to & 
region or structure of tte device situated tourcrd or adjacent to tte terms! surface to te p&ietrated, and IffisteT 
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reiers a or stricture rf to dertasr^ Fwexarnpte, 
the penetration probe 12 is at the prarinal end of the dance. 
The Penettation Probe 

The penetration probe 12 can be any dniee canal* of nemtiatiigtta 

5 eitentaiJcanaiJeoflransp^ 

cmiiprinstwsend^asiuitratBjinRG.I. The penetntmg end 11 of the penBtratkm probe 12 ts tta eni incstBd 

into the dermal layer. Thewmri«^erd13dttena 
witbeithetjieimnainber 14 or tte arsenate 20. 

One er more protnaioni IZvintbatbastflnsiharpeilBBorpointare suitable as the ^dlkin prate 11 

10 The penetratkn probe 12 can be fabricated from materials induing pfesoc, metal glass, ceramic, a composite 
material kg, a camposite of caramie and ratal parietal, or mixtures and contortions sf then material. The 
penatretren|wbe12eanliaintr»forrorfas« Thachamelcan 
optionally be open along one or mors of its dongated sides. As iBtrated in RG. 2, a preferred entodiment of the 
penetration probe 12 is two stats 39 of ns^fenirtsoasnhneasfw^ 

IS 30 in substantial registration, wim the sheets 30 spaced a^su*^ 
by capOhry action, toaparttarlaib/nret^ 
ti»arar/siscrHrabef20tafmiipMnar* 

When nterstrual fluid is sampled, the penetration depth can In rarrtrofled by tarring the tooth the 
r^retratim prate 12 protrudafnw 

20 Hu dermal layer. In a preferred errtodment tte length of the rntrusion 12 *ffl be less than 2 to 3 mm. t»ore 
preferabty about \S mm. After penetration to a statable depth ctarespnafng to the length of the protrusion 12, 
contact between the surface of the dermal layer end the striate 34 of the analyzing dew* presents further 
peoetratkn. For other uses, sudi as in samping irttentitiaf fW from regions hawng a thick dermal layer, at for 
leterinary uses, it can be aearabb for the length of the protnutoa 12 to be greater than 3 mm. Aceordmajy, the 

25 miermmeoinaTvhtopwtm 

wtafa Mood is sampled, a sightly longer penetratian probe 12 should be used. Le, one baring a tuajlli tfteatH than 2 

ts 3 mm. 

The diametBr or width of the penetration prate 1 2 depends upca the design of the penetratian probe 1 1 
Suitable olamenrsnv^ are tn^ "*»«*«* a protrusion 12 feniang a 

30 share edgBW peart or a tuta orchard * taB 
the pinetrating means 12 comprises two stasis 30 in sutatsatial registration, each tarring a sharply pointed 
protiushnllthetwopmtruB 

The penetration probe 12 can be heated on arrysurtjafe part of tte 
42. or one of the fat surfaces 44. Protection can be provided to the penetration probe 12 by locating it erthio a 
35 recEKfenml ii the distal edge 34 of the test st^ 
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8^1 in a preferred entadte 

dp tantb tta shape af a ssleeted dmaal aafcca an. a fiagatip. Hoaew. tha recess can fes 

taaprrfEfladeito^^ 

or surfa»«eof thadsvies 18. but nritsi pagsriipinsttha^tlotoiWoimteothatBCSM 
bytoiienatrelionprsbalg. Suth an arranged aifcsarnp^ by 
esampBns paint TtajBrflrjatBrnpntottcOTtoM 

8 si&oJ tta pre-chatto §4, as shawa bi HE. 1 Atenatmely. tha ptaiatration proha 12 can cemjirisa a 
partwi^isam*8dtOBr^Dratdrato!J»tES!^18^Enyaat? 

pressure, end thefts. TtapnBtn^ pita «2eaa bar 
caateeanajMedlrvanys^ 
o by stasis of a rsiessEbJa actustsf 88 such as, for wbb^s, a sjnin§4tad8d ntscterdan 14 as deputed in 
a springtimes 
§8^eanrtottefonagosw6^tta 

31 can fes ettrraie! manaaOy, or tte MnMcaiBBiiMiiiMOweAhlii 

ass^heataeipp^tae&ti^tiBSS^ bifisoi 
2nd q{ tfcj is ii to'3pra94osdGl megtoiaTi EM) stieii ttat rjJia) tto tores campressag Eta 

m b release fay attnstiiqj tfaa trigger 00, lens is transferred to tha -trim 10. vMA k 1 


39 foiysat^liadyjmcsalaiissdforaa^ 

to rat to a high tasiiy ef narw onSngs?. 04, tb foesrm. TypsDy, 5 to 15 saccate is rsjuired to orM) 
1 of pressure to tfes ffimpBug era can bs icssdal to extract interstitial fluid or t&de 
Tafa^ttasjijirapri^ 

damca t@ rafrich indicates abao suffctait prasam tea bssn sppM Sample aeqasitien tinte ean ba imjroOTl by 
2§ appimeraeasEdprassDTetatiiaara 

Arid or ohota Mtod aanqpta ttepaititHi beIbIb tta patent's age, sftin 
Tha scuunt of isttEJStity or oUsbbod 8&nfia caflested for testing can preferably ba about OJQpl er 
,nmrapr8f8raSdy0.1^orp^,adn^pjefBBlj^ob^DS^sr{ 
to ora preferred emlndiraat to «"S 
. tte raster serrooiuft^fiinti^ 
rfaiitietinoaairaifaac^ 
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comprises the penetration probe 1 2 and a pre-chanber 1 4. Thepnrthamber14 can then be integrated with or can be 

intariaced to the analysts chamber 20. 

In a further embodiment, the analysis chanter 20 is integrated with or can be interfaced to a means lor 

farilitatkig fffirq of tha analysis chamber 20. This means can comprise a cdbjwbie or cunpiess&fe bladder 22, as 
5 shtnwninFIG$.3aaKwlichcante 

chamber 20. The crnnprassaie bladder 22 can comprise any chamber with f^ 

reduce the volume of the chamber. When the force compressing the compressive bladder 22 is nfeased, a partirf 

vacum is formed which draws sample into the aml^ chamber 21. In a preferred entafimenl the votare of the 

unpessibie bladder 22 is sufficiently tanp so that when the bladder 22 is substantially July canpressed, the 
10 reduction in volume of the bladder 22 b brga than or eqral to the total volume of the analysis chamber 20, thereby 

ensuring that the analysis chancer 20 is substantiafly filled. However, a ecrapressibte bladder 22 with a smaler 

volume than the analysis chamber 20 can also be effective in assisting the fffingtftha^ 

Alternatively, the analysis chamber 20 itself can be collapsible or compressible. In sudi an antodknem. a 

piston or other compressing agent such as a patient's or clinician's fingers, can first compress then refeise the 
15 analysis chamber 20, thereby forming a partial vacum. When tha compressing force o released, the partial vacuum 

causes the sample to flow from the penetration probe tDward the aralysis chanter. 

In a preferred embmfment as IDustratad in R6S. 1 and 2, a prwharoba 14 is provided in the integrated 
salting and testing device 1 0 for accumulation and storage of the coBected sample prior to its being transferred ta 

20 the analysis chamber 20. A pre^hamber 14 is useful when using an analysis method which reqiires that the sample 
ffl! the analysis chamber 20 in a short period of time to return accurate results, Le. a tra shorter than that required 
to draw sufficient sample from the dermal layer. In a preferred embodiment the volume of the pre*hamber 14 is 
larger thai that of the analysis charter 20, thus ensuring tlm once teprwhante 14 is 
been collected to completely ffl the analysis chamber 20. 

25 In a preferred embodiment as Sustrated in FIGS. 1 and 2, the penetration probe 12 opens into the pre- 

damber 14 at a first aid, and at tha second end the prwhamber 14 opens to the analysis chamber 20. The pre- 
chamber 14 can be fro of reagents or other substan^ 

or diminish the capillary force exerted bythewaBsofthepre-chamber 14 or to pre-treat the sampb prior te analysts. 

Tltese substances can WiiMff 

30 porous materials, or a mature or contortion thereof. To fadfitate effective fling of the analysis chanter 20, a 
preferred embodiment utfaa a pn«hamber 14 and analysis chamber 20 of (Efferent heights, as shown in Fit Z 
Where the analysis chanber 20 is formed so that its height (typicaly referring to the smallest damber dknensam} is 
soalef than the haioht of the prMhanber 14, a capifery force is gB»ateJ that b capable of drawi^ fkrid out of the 
pra^tahber14andintotteanlysB A first air vert 64 eai be formed at the end 70 of the analysis 

35 chamber 20 opposite the opening 62 to the pmhamber 14, facitatktg the fling of the analysis damber 20 by 
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tfeEitg oir to bo disp3ssed ffrora the analysis dsBsto 2@ as $&r$e oilers. Optmrtdly, a sond wart 74 eaa ba 
fennsJ opening tnto to pwtenfca? M at to siftstentiaBy ejpsite end S@ of to pwtente 14 to ctaa to 
psaairatiosi praba 112 opsns sito tha pr&dnnder 14. This rat 74 prouniaa air to to pra-chgntier Wtorepkrato 
mi&z as ia is trsnstaTBd from ths prwtembei 14 to tha analysis chanter 2fl. The vent 74 ean be f&ced in ony 

5 sufcbto poatisn on to tart strip 10. Id & preferred entafensnt to went 74 incawporatBa a slarp wme, ag, at b 
S0° zagx mtdch fuoctions as a "capflary stogi" to piGmit^snpisframdHitmgttedOTica IStfcjou^htte^st 74w 

Insssth^oiMans^ 14 consists of o tubs, or oth& shaped ehafito, with fofide mis, 

atte&sd to to p^sttation probe 12. In this oiftodimati, the pre-chsnta 14 is ath© permanently fori to to 
ersfysis teto" 20 cr is pted caxt to ®d aligned with a port to ths anatyas ehota 20. Such aSpnsrt can 

10 oesu7 durkg esa &y suitaKa ptes ao tf m en asters! (tencs SEih as to maasurensrt sister, In cms aspact off tins 
OKtedisisat to pnxhantte 14 further rantprisas a ratoa, Mnsd as a darica to control the flow rf fluid s&mpte 
bstoaan ths penstrstmn proto 12 w& to $t&dm&m 14. Tha ratea csn cenqmsa cm or mere rtdters, pistons, a 
gjytegywq rfpa ^ pyehb of g M te f ia m sly ctosmg nlf to first and §0 of to Bffretento 14, and conqiressing to 
pflKb&sb&r sash tSsit tSta fiidd in iha lae-fihssr&sr 1^ » fore^ towards ths scsibbI end @2 of tba pTe-etemter 

1§ ai^si^s^CTly to toOT^TsisctentoSQ. 

OttgRBtftdy, to aeiyss chaste 20 eonssts of a tyfce, or otor gteped dsBte, with taibte odb, 
8ttetod-to to.-pat3tratnra prate 12. In wis aspeet of ths emtefcat to st^fysis cfrante 29, psor,to v 
' pjBtrBtam, is eant pa Bgad by erca or msre rovers, pfetora, or otor gpEaaino datfes. Ate to pmstrstion previa 12 
@ tnscrtBl to aa^ressian is rctes@L fencing a uacmrm wfEch pulls ssrrqrfe into to asslysss ehsn^ 29, lsa$i 

20 en esnfejfcni, to prodtaato 14 csn not be rncessny iJ sofftdart vmaim is o&ierated for rap! 

ecpfertina In mhanasdrotafc ttattevtse 10 can rat r^mo a rait 84^ 74 if such taouM mterfere with fewiiia 
oosestsn. 

hamrth^enMim^Eastrat^m 
tetopanstratoipro3ie12 oa one ©ri BB and to tha aislyas *anto 20 on to otor ed §2. Tha end 78 of to 

m ai3ly8i8dHnto28aj9o^tototo opens to a canpress^ bladder 22. Thebfeddar 

XaCTtofamadsBptratBiyadatte^ AftenatiuiBly, it can bs foamed 

by rmmtQ a section oa to nnldb tenosta 82 in to tat strip ML similar to toss described in ^097108441 
(teeopratdharom by refers 

In ms. to btedte 22 in to strip 10 is ccmjressad by suftsUe tmvs prior to to paitatration proba 12 

30 bs&g befftd into to psfenL Insertion of tla psnatratisn prsbe 12 ccn ba eonfinisd use of a sensor, sutSi es a 
Pjksot saw or to patisrt canonic Into 
tette case, to patient ssnscg can sipd to roster, sash as by pushing § button. At tins poiat to maans 
cejEjtnsang to bkd&r 22 is orithdratsni to a balfw&y position to drsw sannpls into to pre-dfflinbar 14. HHhra the 
prwhsnte 14 is Ml as cmtated by a antatts s®iser, to mater indicates to to patient to witfotar to 

3§ patstration probe 12. Tto coinpTesang rosis ton mam to its fuBy dthtoffln paation aid so (tars to sonple 
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from the prwhanter 14 into the analysis dumb* 20. In the case where the initial suction frem the bladder 22 
causes ttesan^ to be accumulated with su^ 

22 used to drew sample through the penetra^ A vent 14. 74 which 

voM interfere with ferning a vacuum 
5 Analysis Chamber 

In a preferred oitofrnent the analysis chamfer 20 is contained in an analyzes device 10 comprising a 

deposable analysis strip skrta to that disclosed in W097/00441. The analysis atrip of W097JQ0441 contains a 

biosensor for determining the concentration of an aratyte in e carrier, ej„ the concentration of glucose in a Had 

sarnie. The alectrachanical analysis cdl 20 n 
10 porous membrane, a rating electrode on one side of the membrane, and a counta/nsferaice electrode en the othv 

side. In a preferred arrtafcrent an analysis ceQ 20 having an effecthre volume of about (L02fil or groat* is use! 

MoreprEferatiy,thece620hasav 

In one aspect of this embodiment the penetration probe 12 is a smal neeuTe integrated into the analysis 

strip 10 by beiiHi inserted tfvongh a wal 
15 styanriysis chamber 20. hi using a device 10 baring tin arranganent to ofdain and anriyze a sannpfa of ■Utttitol 

fluid, the needle 1 2 is inserted into the patient's dermal layer and sample is drawn into the needle 1 2 via capiary 

actiotLThesan^ 

tte sample is analyzed. An opening 64 inthe analysts chanter 20 to atmosphere; remote from tta point where to 
needle 12 opens into to damber,actow^ 
20 fib with sanvh. Analysis devices of the type isdosed in W097/00441 are particularly suited for use with this 
arrangement because of their afafty to utSra the very smaO vetoes d sample typic^ 
ssnpSng. 

The analysis chamber 20 can contain one or more substances ta enhance or diminish the capiary force 
exerted by the wafe of analysts chamber 20. Sueh materials can induda peiymea resins, powders, meshes, farous 

25 materials, crystaine mateials, porous materials, or a mature or combination thereof, ascanaisobeusedinthepre- 
darte, dfceussed above. For example, the wafc 24 of the analysis chamber 20 can be coated with a bydrophffic 
material to encourage the flow of fluid sample into the analysis chamber. Suitable Irydrophic materials iocfcde 
polyethylene glycol polyvinylpyrrofidtna, a surfactant a bydropbic block copolymer, and potyaoyic arid. The 
analysis chamber 20 can also contain reagents capable d reacting wftb the aoal^ 

30 sanffe. Such other substances can include substances which interfere in determining the presence or absence tf the 
analyta. h such cases^reagsmwi read with the subst^ 

Aiwaoatytepras^maftiasan^madetei^ Atypical 
analytes can indbde, but is not iiM 

cofactor, a nuriac acid sequence, a ipid, and a drug. In a preferred cutoxTaiait glucose is 
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Typed onclyt© Gouh) induda, but sis not feints! to, attest potesshim toil ptemsicEiiticda, frugs, ctalastEti, ami 

Tha t u^E J ic a or ebscBce of tha mlyta csn bs fotamnnsd directly. Altematwdy, the eariyte een be 
dttoriiiu al by resting the ciEiytB with cjb or mars mapnts prsseat in tha ©slysis cta&ar. Tha protect of ttet 
§ reaction infeiraa of tho presence or cfcssEra of tto atatytoi than ba det^ted. Suitd£3 raaeton products 
insSu^ tat ne cat Girot^ to, 8 colcr curate?, so tetrie current, ^ Metric patent&l 89 oc&, a tess, o pscipitate, 

(ff Dpi, 

Any suitaUe oislTtic&l ircsthni csn ba ussd for dBternoteg tha presence or d&snsa of tha aietfyto or a 
reaction product of tha eaalyte. S^£&la @^t7tEC£l esstnnis otsbn!^ Imt ars irat Snot^ to, d^recjtsnicsd anstiiods* 
18 pfcatos&sorpthm detection methods, phote&nssam datscthm matfrads, aid tha flnsosursnant of nepatic 
aisc^tOiiBty. to tha c§sa of 8 rsaefen product teog & different cater ttan tha eimlyta, or tha frcnatien of a 
precqdste or a ps, 8 rascal (fetsmnotiEa can ba a actsbte msthod for dstemnsnig the pssGsce or sbssnse of the 
anslyte. 

BsriariStorcae of Wtem&mtt Data 
85 tn a pretend sptadnrem an orejyss strip % d^yfeaj a&oua or caota EH&adEisit of tte ssn^E^j 

teics to s int^rstsi U9isb o ois&sEfftng d@oic& elq* 8 nn&sr, t^ddh ctft d^toy, store sr pesor! tost datrv optcsidJy 
a'enrptv-ra^Sibfinnsi In a^i ©nfoaunstf, tfoatest ssrip 118 eclipses m ottofacs for ccnmt2a©tn^ Efftfo 
tha g$&7, cejt&iQraa tads frcsi ttto ebctro&s of tha etectrcctenksi ceD 23. tn tha ease of obtaining sa 
fe tr^a ^c d froggy 

29 Tha stove d&cripttgn tiis&sss sesaral ntsSSMa 8&d matsrals of tto pr&ent inrattsn. Tha brcsttisfl is 

fflacpt&Sa to rratSficctwns tn tha otasftsds £~d freft&jgfe, bs EieD as dtsratisns in tha fatofeticn otstbeds end 
e^uuML See& nnriifetitms v£H bssoraa ep2$rstt to ttosa sbOta! in tfta £rt tan a conadErafion of tte tisdssere 
or pscfea of tha ircantion rffcrireKi hsca. Cea^odfy, ft is nat intxHid&3 that tins EWEitiea ba finutsd to tha 
spaffe efitaEarats dsds&d hsabv feut ttet it eow d msdificstians and dtcmatras craog tffljtfa ths tne scopa 

25 @s3^@f thate^reri^&s&Hhi&JG]^ 
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WHAT IS CLAIMED IS: 

I. A fluid sampling device comprising a body, tte body comprising a dermal dyer penetration probe having a 
penetrating end and a canramcating end, and an analyse chanter having a proximal and dbtal end. the analysis 
ctambataw^avilun*wtereinttepenetratfo 

5 fluid can flow from the penetration probe towad tte analysis chamber. 

1 The device of claim I, wherein the analysis chamber has at bast one flexible wel and wherein upon 
convressionoftfuitotaattte 

3. Tte device of daim l.torthacompr^ 
tte pre*hantafe interposed botwew 

1 0 prfrchamber is adjacent the coninmating end of the penetration prsbe and the second end of the presenter is 
ad jacent the pnximal end of the analysis chamber* 

4. The device of claim 1 wherein the whine of the pre-ehamber is greater than or equal to the vetara of the 
analysis chamber. 

5. The device of daim 3, wherein tte 

15 of the chanter at tte ftadUewal tte voire of tte pre<*ante is reduced, 
a Ttedeviceofdaim&wherem 
saafng tte pre-chamber from tte penetration probe. 

7. The device of daim 3, wherein tte pr^diamber is capable of eierting a first capillary force and tte analysis 
charier is capable of eierting a second capiary force and wherein a differential exists between tte first and tte 

20 second capiary forces. 

8. Tte device of data 7. wherein tte capfflary force exerted by tte analysis chamber is greater than tte 
capffiary forca exerted by tte prfrdianto. 

9. Tte device rf data ft wtareinai interior siiface of 

chanter walls spaced apart at a first dfetance tod surface of tte 

25 analysis chamber comprises at least first and second analysis chamber wab spaced apart at a second istance to 
define an analysis chanter height wherein tte height of tte analysis chanter is less than tte height of tte pre* 
chanter, and wherein tte differentia) capitey force derives at hast in pat from a difference betwon tte pre* 
chamber teQbt and tte analysis chamber bright 

10. Tte device* date 7, wherein at least one of tte ch^ 
31 tfinuishing the capillary force exerted by tte chanter. 

II. Tte device of daim 10, wherein tte substance is selected from tte grajiconsistii^ 
irort».e mesh, a Swus material a 

12. Tte device of daim 10, wherein tte substance is selected from tte group consisting of polyethylene glycol 
polyvmylpym>5dw^ 
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11 Tb9&^o3dBOTlwterCT 

csD and dhzm to arsfysas ctento annpees a first arstyss cbanto wall end a second analysis chsnta oal 
3E) stacn to cfistancs to pre-ctenftar mfls is ^eater ton to distance betosan the EEfyss efcaate 
taaBa. 

§ 14. Tte gstrioa of dsrni 1, furthsr comprising a compressOrta Udder in comnos^atton with to mfym 
ctemkar # to conqinas^ bbite 

15. Thedewcaof damRRfaeintocemjE^^ 

16. The dara of don 1, otarin to penetration praba is seated from to group consisting of a rafia, a 
locat a tufca, a dsnaalanda solid pjotnaian. 

19 17. Ito teioa of cteim 1, cfc&En to peitstration prate compress a matOTl sdsct^ from to grasp eonsistntg 
ef earto titer, boraa to, p3astfc raatal glass, ceramic a eonpsite nsterid matures tteeof , tnd coatimstiogs 
tasof. 

16. lb dam. of daon 1, dtoia to penetration probe comprise two sheets of material in substantial 
regsstrata, tevrng s protrusion en ead) tat cafeamn to tots are speced apt such tot fopcd caa to drown 
]§ tetmato^B^^rapasrysEtbn. 

19. Tfe fcriee ef dena 18, wfcarein to too shssts of material attend into to device so as to ta 8 pro- 
dEsttto s^csKKt ttt3 &!slvs& chas^T'^oitn fhsd c63iH3QE!dcattea thSEuridL 

20. Ttodsmce d don I raforeai to devise tas a primal dp, to edge ccraprisrag a recess, rates) to 
psts&stusi picSs is positions^ wife tores&s* 

20 21. Tte&triaefcto2arcfe^ 
dsrm^ scrfae. 

22. Thadsmce of (ten 1, furto? ccnprising a retesfo ectuator, cteeoi to actuator is capaMe of solving 
a force sufGc&tt to c&m to psEtrefion proSis to psEStratBadenraJlByff. 

21 Tte darico of doi 22, tataan to actuator @ externa! to to tody, and wherein upon retease to sctuater 
25 piqt&totedytoa^todemalbyer. 

24. 71© dewee of daim 2Z wherein to ac^^ 

25. Tte totse of don 24, dsrsn upon relaasa to aviator propels to psnetration proto toward to dennal 

28. TtadeBaafdacml.afceratoaiB^ 

33 tsartring dactrode end a aamtErifefarencedEctrcda 

27. Tfadetrice of c^ml, farther comp^ 

28. Ttodetraofc&m28,i£ftaantoirc^^ 
28. AtnathndfordetEm^apTBera 

pow^aft&SEnqifeigdHto 
35 ceraraiira^ 
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wherein the peiietialion probe is in fluid cuuiniuculiuu with the analysis chanter such that fluid can flow front the 
penetration probe toward the analysis chasten 

penetratinQ a denna) toys with the penetration probe; 

sihstanttaOy fling the analysis chanter with a fluid sample by allowing the sample to flow from the 
S penetratkn probe toward the analysis chanter and 

detecting a presence or an absence of the snalyte within the analysis chanter. 

30. The method of daim 29, wherein the sample is selected from the group moisting of Biusstilial fluii and 
whole blood. 

31. The method of daim 29, wherein the detectinQ step comprises a qualitative or quantitative measurement af a 
10 characteristic of the sample. 

32. The method of daim 31 wherein the ch ar acter is tic of the sample comprises a reaction podoct of the 
aoalyte. 

33. The method of dakn 32, wherein the reaction product is selected from the group consisting of a cobr 
indicator, an electric current, an dectric potantirt, an acst a base, a pr ec ipi tate , and a qbs. 

15 34. The method of daim 29, wherein the anafyte is selected from tin group insisting of an ion an element a 
sugar, an alcohol a hormone a protein, an enzyme a cofactor, a nudek acid sequence, a lipid, a pharmaceutical and a 
drug. " • - • ' 

35. The method of daim 29, wherein the anafyte is selected from the group coosistng of potassium ton ethanol 

— S 1 ■ *■ I * t A ^ A ^ 

cnoEsteroi am lactate. 

20 36. The method of daim 29, wherein the flow of sample toward the analysis chanter is driven by a diving 
force, wherein the driving force comprises a force selected from the group consisting of a capiBary force and a 
pressure nirerenueL 

37. The method of dakn 29, the fluid sampling device further comprising a pro-chamber hairing a volume and a 
first and second end, wherein the pre-chanter is irterposed between the penetration (rite end 

25 such that the first end of the pre-chanter is adjacent the comniricatng end of the penetration probe end the second 
end of the pre-chanter is adjacent the proximal end of the analysis chamber. 

38. The method of daim 37, wherein the prwhanter is capable of sorting a first capiary force and the 
analysn ttember b capatde of exerting a second 

the second capfiary ferns. 

30 39. The method of daim 38, wherein the capiary force exerted by the analysis chamber is greater than the 
caplary force eoerted by the prMfaamber. 

40. The method of daim 39, wherein an interior surface of the presenter comprises at feast first and sacond 
prwhanter wab spaced apart at a first distance to define a prwhanter height and wherein an Interior surface of 
the analysis chamber comprises at least first aid second anatysb chamber wabsiacri 
35 define an analysis charter height wherein the height of the analysis chamber is less than the height of the pre- 
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etenfor, ad ^too the differcotid ^pfkv force derfcs et tat in pert from a ffimm tatora to pj©- 


41. TteBstodddafa»^ 

or MnMiiag to esp&fy ^rce eaerted fcytoctate. 

paragons* a ffeousrast^ 

43. Tha castod of <&im 41, Ktara to sitetaiEB s sdcsted tea to &raup censfetfng of poly*iliy Wj giycgl 

44. Tto rnsto^ of ddm 33, ctasin the pressure diff sjoiiial nsnprises a positrea pressure apj£sJ tetrad to 
19 onfyas ctafor. 

41. Tto rcatod ef ddra 38, whasn to prescsra ffiffejeatfei cGrnsriseg a rt^atfua praarra aK?Bsd fern to 


46. Tto EmftorJ of gtezm 37, the pjwtenfe furtte esraprisatg at bast ma fta&a aaB ad rctain tpa 
eo^ftssiea ef to taStsr at lis ftssBa osfl toiwkmQefteprwimitoisfES^ 
?§ 47. Tteioted0fd£fm48i,topi^^ 
easing to ps^rstafrton to pss^^ 

43. TtoE3ihrf4fd£io47*^ .«,. v . 
^3siE3 to usfca Old eSiSJJKJSCg to gfB-d£sta. 
48. Ttant^dofcyraatoaa^ete^ 
2D eesqa^dtooaslysfe 

q$pj a ceapasog force to to testes »s3 of tha otrfyss etefEte to refoea to tfahnra of to 


21 51. Tto leather of cteiro id ratersfn tto p^isziatma b r^natatel by to aRpfying step ®tfl f oCatmrf fey ^ 


52. Tto crated of data 20, to m m$m taaa fetor cm^m 8 ecHrjsesate SMte in 


51 TtoraBtftrfd&aro52,tofeG(fi^^ 
esp^accnpa^ 

od 

iB^asg tits «3itjufflsii^ foredr to toiro a e^ts9 voctoan in tte eomssnss^da bl£d iS^ End emlTsis ctensSisr . 
54. Ttom^ofdciraaatoratopE^^ 
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